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1. Abstract 

Various kinds of pathogens and diseases are now threatening human lives, and their 

precise and accurate detection and imaging are important to prevent the diseases as well 

as to understand the biological phenomena. Here we reported a multi-mode nanoprobe 

system which simultaneously provided highly sensitive detection, imaging, and 

therapeutic functions in treating of pathogens or diseases. The multi-mode probe 

consisted of magnetic nanoparticle, targeting molecules, fluorescence tag, and 

radionuclide and each modality complemented each other to not only increase the 

detection sensitivity but also eventually to enable the false-free detection of pathogens 

and disease. Concurrently, the multi-mode nanoparticle also provided high therapeutic 

effect through combination with biological molecules (e.g. siRNA) or by using heat 

generation effect of magnetic component.  
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2. Introduction 

Detection, imaging, and therapeutics of pathogens and diseases have become 

important not only to understand their biological phenomena but also to elucidate and to 

prevent diseases.1 Recently, various pathogens induce many fatal diseases and have 

been threatening human lives.2 Therefore, fast, accurate and false-free detection and 

imaging of these pathogens and diseases are critical to understand their metabolic 

phenomena and to develop defense system against them. Furthermore, once found, the 

effective killing of such biological targets without harming neighboring biological 

environments is also important.  

Typically, imaging techniques including fluorescence, surface plasmon resonance 

(SPR), and magnetic resonance imaging (MRI)3-5 have been independently used as a 

single modality. However, in many cases, single imaging modality is not good enough 

for accurate imaging and exhibits relatively high false-detection rate. Rather, double or 

triple imaging modality which complements each modality can provide more accurate 

information of the pathogens or diseases. (Figure 1) Simultaneously, for the success of 

multi-mode imaging, the development of nanoparticle based probe is pre-requisite, 

which can boost up the imaging accuracy and sensitivity significantly. In this project, 

we developed nanoparticle based multi-mode imaging and therapeutic probe for the 

highly accurate detection and therapeutics of biological pathogens.  

 

3. Approaches 
1) Approach 

Our research was focused on the development of multi-mode probes and their 

Figure 1. A schematic of multi-mode imaging and therapeutic probe proposed in this research. The 
magnetic nanoparticle, biomolecules, optical tag, and radionuclide are integrated into one 
nanoparticular system which acts as multiplex platform for multi-modal imaging and therapeutics of 
pathogens. 
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applications on the detection and therapeutic of pathogens and disease. Various imaging 

modalities (e.g. magnetic core, optical tag, and radionuclide etc.) with target specific 

biomolecules were integrated into one hybrid nanoparticle via molecular linkers.  

In the step 1 (see Figure 2), multi-mode probe was specifically bind to the 

pathogenic targets through selective biomolecular interactions such as antigen – 

antibody. In the step 2, such binding events and targeting was detected and imaged by 

MRI, PET (positron emission tomography), and fluorescence. At this point, MRI and 

PET provided macroscopic imaging of larger than millimeter sized area and subsequent 

fluorescence imaging enabled microscopic information of the pathogen targets, where 

more detailed spatial and chemical/biological information of the pathogens was possible. 

In the step 3, when these were located, multi-mode nanoparticle could kill the pathogen 

by using gene (siRNA) or heat generated from magnetic core. As a consequence, multi-

mode probes will provide highly sensitive detection/imaging and therapeutic platform 

of pathogens.  

As a model case study, in the first research year, we performed the feasibility study 

of dual mode magnetic-radioactive nanoparticle for the dual mode detection. 

Furthermore, in the following year, the utilization of multi-mode magnetic-bioactive- 

optical hybrid nanoparticle was demonstrated for accurate detection and therapeutics of 

Figure 2. Schematic of multi-modal imaging and therapeutics of pathogens using multi-mode hybrid 
nanoprobe. The multi-mode hybrid nanoprobes exhibit the specific targeting and provide both macroscale 
and sub-cellular imaging for attaining biological information of pathogens, which is followed by their death 
using magnetic hyperthermia.  
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cancer. 

 

2) Uniqueness of the approach 

With single modality imaging only, the false-detection rate is high. The major 

uniqueness of our approach is the accurate detection and simultaneous therapeutics of 

pathogens by means of multi-modality.  

 

3) Research contents  

The 1st year (2008.03~2009.02): Development of multi-mode imaging probe 

nanoparticles 

- Development of magnetic nanoparticles with high magnetism for diagnosis and 

therapy: 

a. examination of MR signal enhancement effect of various magnetic 

nanoparticles 

b. examination of heat generation ability of various magnetic nanoparticles 

  (therapeutic effect: ~50 %) 

- Development of dual-mode convergence nanoparticles: magnetic-radioactive 

convergence nanoparticles (MRI-PET probe) 

- Feasibility test for pathogens or disease detection, imaging and therapy using 

dual mode nanoprobe 

sensitivity: ~ mM of biological targets 

 

The 2nd year (2009.03~2010.02): Convergence nanoparticles for multi-mode 

diagnosis and therapy 

- Development of magnetic nanoparticles with high magnetism for therapy: 

examination of heat generation ability of various magnetic nanoparticles 

(therapeutic effect: ~80 %) 

- Development of multi-mode convergence nanoparticles: magnetic-optical-

radioactive convergences nanoparticles (MRI-PET-fluorescence probe) 

- Feasibility test for pathogen detection, imaging and therapy using multi-mode  

nanoprobe 

target pathogens: diseases or bacterial targets 

sensitivity: nM~pM of biological targets (single pathogen particle and cellular 

imaging) 
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4. Results and discussion 

4-1. Development of magnetic nanoparticles with high magnetism for diagnosis 

and therapy 

To enhance the efficacy of disease diagnostic and therapy, the development of 

magnetic nanoparticles with high magnetism is one of the important issues. Among 

various magnetic nanoparticles, iron oxide has been mostly utilized in various 

biological applications because of their low toxicity and chemical stability. In previous 

project (phase I, FA4869-08-1-4016), to enhance the magnetic property of nanoparticle, 

we doped Mn ion in iron oxide. In this project, besides Mn, Zn was doped in iron oxide 

and, as shown in figure 3a, synthesized Zn and Mn doped magnetic nanoparticles had 

highly monodispered and possessed single crystallinity. It showed highly enhance 

magnetic property which was highly enhanced than iron oxide. (Zn0.4Mn0.6Fe2O4: 

175emu/g, Fe3O4: 110 emu/g) Enhanced magnetic properties of the developed 

nanoparticle brought the enhanced MR contrast effect. Compared to Feridex, 

(Zn0.4Mn0.6)Fe2O4 showed about ca. 8 times superior MR signal which make possible 

ultra-sensitive pathogen detection.  

Besides the MR signal enhancing effect, the developed nanoparticle showed 

superior heat generation effect, which made them possible to be utilized in disease 

therapy. Magnetic nanoparticles generated heat under AC magnetic field. They could 

reach 100 Celsius in short time so they could be very effective in killing pathogens. 

(Figure 4a) The developed nanoparticles showed high heat generation efficacy 

(specific loss power, SLP) and, as shown in figure 4b, it showed ca. 4 times bigger 

Figure 3. (a) TEM (transmission electron microscope) and HR (high-resolution)-TEM image of Zn 

doped lmagentic nanoparticle. (b) Comparison of MR contrast effect among various magnetic 

nanoparticles.  
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than Feridex. The high SLP resulted superior cancer therapeutic efficacy than 

commercial iron oxide, Feridex, when they were treated on cancer cell with same 

concentration. The percentage of dead cell was 84.4 % in the case of (Zn0.4Mn0.6)Fe2O4 

and 13.5% in the case of the Feridex after treatment of AC magnetic field.  

Therefore, we could obtain magnetic nanoparticles with high magnetism by 

doping Zn and Mn ion, which could be utilized for sensitive detection and effective 

therapy of disease. (Angew. Chem. Int. Ed. 2009, 48, 1234) 

 

4-2. Development of dual mode magnetic-radioactive convergence 

nanoparticles (MRI-PET probe) 

MR imaging has advantages on the resolution and anatomical information 

compared to other imaging tools while it has limitation on sensitivity. In this study, as a 

prototype of multi-mode nanoparticle, magnetic-radioactive dual mode nanoparticles 

were developed to perform MRI-PET dual mode imaging, which was expected to 

provide advantages on high sensitivity and resolution. I-124, PET agent, was 

introduced on MnFe2O4 which was developed in phase I. I-124 was selectively bound 

onto the tyrosine group of albumin which was attached on magnetic core. (Figure 5a) 

The synthesized dual mode MRI-PET probe showed both MR and PET signals nicely 

as shown in figure 5b.  

Figure 4. (a) Schematics of magnetic particle induced hyperthermia. The comparison of (b) the 

SLP value and (c, d) cancer cell killing effect between Feridex and the developed nanoparticle. 
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The dual mode contrast agent was utilized to detect the sentinel lymph node which 

was important in the cancer metastasis detection. (Figure 6a) In figure 6b-d, the dual 

mode contrast agent successfully detected sentinel lymph node and when PET and MR 

images were overlapped the sentinel lymph node site with high signal intensity in each 

image perfectly matched. (Acc. Chem. Res. 2008, 41, 1630.) 

 

4-3. Development of multi-mode convergence nanoparticle for pathogen 

detection, imaging and therapy and their feasibility test 

Figure 6. (a) Schematics of the detection of sentinel lymph node using MR-PET dual mode probe and 

(b)PET, (c) MR, and (d) fusion images of rat which showed high signal in sentinel lymph node in both 

PET and MRI.  

Figure 5. (a) Schematics of the developed MR-PET dual mode probe and (b) MR and PET image of 

phantom containing the dual mode probe.  
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Based on the research for proto-type convergence nanoparticle (section 4-2), we 

finally built multi-functional nanoparticle for simultaneous imaging, detection, and 

therapy.  

① Magnetic core was utilized for MR signal enhancing to detect pathogen.  

② Fluorescence dye was attached for microscopic imaging in cellular level.  

③ RGD peptide was adopted for pathogen targeting.  

④ siRNA was introduced for gene therapy and in this study siGFP which 

deactivated the GFP expression was utilized as a feasibility test.  

The developed nanoparticle specifically detected cancer cell which have protein 

v3 while no MR signal was observed with cancer cell without the protein. In addition, 

Figure 7. Schematic of multi-modal convergence nanoparticle. 

Figure 8. Simultaneous pathogen detection, imaging, and therapy using multi-mode 

nanoparticle.  
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red color in fluorescent image revealed the distribution of nanoparticles in cell. Also, 

the nanoparticle successfully knocked-out the protein expression via gene expression. 

(Angew. Chem. Int. Ed. 2009, 48, 4174) 

 

5. Pay-off 

Based on this project, it will be possible to develop smart and multi-functional 

nanoparticle probes comprised of sensing, information, and actuation in a single 

nanosystem and, therefore, can revolutionize current biomedical imaging techniques. 

The multi-mode nanoparticles with capabilities of target-specificity, ultra-sensitive 

probing, and therapeutic effects will enable accurate and false-free detection and pin-

pointing therapy of pathogens or diseases. Furthermore, our multi-mode nanoparticles 

strategy can serve as a platform concept technology for the next generation biomedical 

sensing techniques, which will be very useful for anti-pathogenic and anti-bio/chemical 

warfares as well as normal biomedical applications. 
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6. Summary 

 

We demonstrated high performance multi-functional nanoparticles. By integrating 

individual nanoparticle components such as magnetic, bio-active, optical, radioactive, 

and heat-generating materials into a single nanosystem via molecular linkers, it was 

possible to develop a novel, highly versatile, multi-functional convergence nanoparticle 

system for their multi-functional biomedical applications. Subsequently, we examined 

their utility in multi-mode detection/imaging/therapeutic applications to realize 

simultaneous accurate and false-free diagnosis and therapy of biological targets. The use 

of the multi-mode nanoparticle probe can bring significant improvements of current 

diagnosis and therapeutic techniques. 
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9. Financial Reports 
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C.  FRINGE BENEFITS            $ 6,000 

 

SALARIES                         

A.  SENIOR PERSONNEL:                   $ 52,000 

Jinwoo Cheon : $ 2,000 * 24 month =             $ 24,000 

B.  OTHER PERSONNEL                     $ 20,000 

Jae-Hyun Lee: $ 1,000 * 20 month  =            $ 20,000 

C. FRINGE BENEFITS                        $ 6,000 

D. EQUIPMENT                     $    0 

E. TRAVEL                         $ 9,000 

 

 

 

 

 

 

F. TUITION REF 2.12.13               $    0 

D. EQUIPMENT                              $    0 

E. TRAVEL                                  $ 9,000 

Jinwoo Cheon 

San Francisco (Research Discussion) 

Airfare: $ 2,500 + Travel Cost: $2,000 =         $ 4,500 

San Diego (Research Discussion) 

Airfare: $ 2,500 + Travel Cost: $2,000 =         $ 4,500 

 

F. TUITION REF 2.12.13                       $    0 

G.  OTHER DIRECT COSTS           $ 25,500 

1. SUPPLIES/MATERIALS             $ 21,000 

2. PUBLICATION AND REPORTS       $ 2,000 

3. COMPUTER SERVICE              $ 2,500 

 

G.  OTHER DIRECT COSTS                   $ 25,500 

1. SUPPLIES/MATERIALS                     $ 21,000 

* See the detailed materials sheet. 

2. PUBLICATION AND REPORTS               $ 2,000 

Copies                                   $2,000 

3. COMPUTER SERVICE                      $ 2,500 

    Computer for analysis 1 set                 $ 2,500 

J.  TOTAL DIRECT EXPENSES AND FACILITIES 

AND ADMINISTRATION EXPENSES  

Overhead                            $ 37,500 

J.  TOTAL DIRECT EXPENSES AND FACILITIES AND 

ADMINISTRATION EXPENSES 

 Overhead                                   $ 37,500 

Total:                               $150,000 Total:                                       $150,000 
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  * Detailed materials sheet 

Item Unit price ($) Amount Total ($) 

Iron pentacarbonyl (Strem 26-2800, 250 g) 

Dicobalt octacarbonyl (Fluka 60811, 25g ) 

Zn Chloride (Aldrich 45011, 5g) 

1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride 

(Pierce 25952-53-8, 25g) 

Oleylamine (Aldrich O7805, 500g) 

Oleic acid (Sigma O1383, 25 g) 

Sephadex G-25(Sigma S5772, 25g) 

TBE buffer (Sigma T4415, 10x, 20 L) 

1,2-Hexadecanediol, Tech (Aldrich 213748,  50g) 

Iron(III) acetylacetonate (Aldrich 517003,  50g) 

Antibody  

Hexane (Aldrich 156175, 1L) 

Ethanol (Aldrich 187380, 1L) 

Acetone (Aldrich 154598, 1L) 

70 

200 

100 

 

500 

130 

150 

200 

250 

180 

150 

170 

70 

70 

70 

10 

10 

20 

 

5 

10 

10 

5 

5 

10 

10 

10 

20 

20 

20 

700 

2,000 

2,000 

 

2,500 

1,300 

1,500 

1,000 

1,250 

1,800 

1,500 

1,700 

1,400 

1,400 

1,400 

Total $ 21,000 
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